
The Belle Experiment

Measurement of the 
Matter/antimatter Asymmetry of 

Beauty Quarks
Charge Conjugation and Parity 

(CP) Violation 



Virginia Tech built the 
KL/muon detectors which 
consist of 15 layers of 
Resistive Plate Counters  
interleaved with iron plates 
surrounding the solenoidal 
magnet.

End View of the Detector 
prior to closing the
endcaps and rolling into the 
beamline.







Resistive Plate Counters
Glass electrodes 
are used to apply 
an electric field 
of ~4kV/mm 
across a 2mm 
gap.  The gap 
has a mixture of 
argon,isobutane 
and HFC134a
gas. An ionizing 
particle initiates 
a discharge 
which 
capacitively 
induces a signal 
on external 
pickup strips.



Laying spacers on the glass

Resistive Plate Counter Construction
at Virginia Tech

Two sheets of 
glass are
separated by 
1.9mm Noryl 
spacers
epoxied in place



Lowering the top sheet of 
glass



Applying weights

The epoxy cured 
overnight 
with pressure applied 
by weights



Applying the conducting ink

Conducting ink is 
applied to the outer 
surfaces of the glass 
to distribute the 
electrical potential.



Sealing with Mylar

The high voltage 
electrodes are sealed 
with two layers of 
mylar.



Signal Pickup Strips

Signals are picked up 
on 3cm wide 
conducting strips on 
either side of the 
RPCs



Superlayer Modules

Signals,gas lines and 
HV are accessed on 
one end.  

This shows signal 
cables prior to 
completion of the 
aluminum superlayer 
box

240 modules of 15 
different sizes 
covering ~1200 m
were shipped to 
Japan
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••
Cost of BELLE RPCs Cost of BELLE RPCs 
built at Virginia Techbuilt at Virginia Tech

•• Material Material costcost -- $$420k420k or    ~$or    ~$140140/m/m22

includes everything includes everything ––
tools,dollies,tables,kimwipes,alcoholtools,dollies,tables,kimwipes,alcohol,,……

•• Labor  Labor  -- $126k  or ~$$126k  or ~$40/40/mm22

technicians and technicians and studentsstudents
•• Shipping to Japan Shipping to Japan -- $$96k96k or or ~$30/~$30/mm22

Does not include high voltage or 
electronics or the gas system.



Things to Consider
Gas system – no plastic tubing (clean and dry 
with pressure control)  
Recirculation vs. cost of gas with one volume 
change per day?
Assembly location – on site if possible.  Avoids 
storage,shipping, and duplicate test facilities.
(shipping cost can be significant)
Readout system - large continuous area gives 
opportunity for long transmission line pickup 
strips and therefore fewer channels/m22
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